. Reduced visual discrimination in aged APP23xPS45 mice. (a) Schematic illustration of the visual pattern discrimination test. (b) Task learning development during the initial training and the testing phases. The task completion rate was estimated by the proportion of trials in which the mice reached either the platform located in front of the correct cue or the position of the platform in front of the wrong cue. (c-d) Mean percentages of the correct choices of Wt and APP23xPS45 mice during the visual discrimination test. Left panels, visual discrimination test illustrated in panel a (45° angle difference). The 50% chance level is indicated by a dotted line. Asterisks indicate a significant difference from the chance level: Chi-square test, Wt p<0.001 (n=12 mice), APP23xPS45 p<0.005 (n=13 mice). Error bars indicate SEM. Middle panels, the correct visual cue was still a vertically oriented drifting grating whereas the wrong choice was a clockwise 22.5° oriented one. The performance of the APP23xPS45 mice corresponded to the chance level (Chi-square, p=0.861), while Wt mice successfully learned the task (*p<0.001). Right panels, control visual discrimination test (45° angle difference) (Wt *p<0.001, APP23xPS45 *p<0.001). (e-g) Bar graphs showing the path length (e), the time spent to find the platform (f) as well as the swimming speed (g) of APP23xPS45 and Wt mice (8-10 months) during the 3 testing phases of the visual discrimination test. Note that all parameters were constant for both genotypes throughout the entire testing period (*p<0.021, **p<0.005, ***p<0.001). . These results indicate that both Wt and transgenic animals were able to see drifting gratings with the same spatial and temporal frequencies than that used for the visual discrimination test and the in vivo recordings. Supplementary Figure S9 . Development of functional impairment of hyperactive neurons in the visual cortex of APP23xPS45 mice. (a) Cumulative distributions of orientation selectivity indices (OSI) determined for all responsive 'normal' (green) and hyperactive (purple) neurons recorded in APP23xPS45 mice at the four different ages (1.5-2, 3-3.25, 4-4.5, 8-10 months; n=74, 60, 97, 67 'normal' neurons and n=10, 30, 49, 78 hyperactive neurons in 7, 6, 8, 15 mice, respectively). Note that from the age of 4-4.5 months, hyperactive neurons have lower orientation selectivity compared to 'normal' neurons (Mann-Whitney test, 4-4.5 months *p<0.001; 8-10 months *p<0.001). (b) Peak amplitude of the spontaneous and evoked transients in Wt (8-10 months), APP23xPS45 (8-10 months) and young APP23xPS45 (3-3.25 months) mice. The peak amplitude of evoked activity was measured at the preferred direction. The response amplitude of normal and hyperactive neurons did not vary significantly between aged Wt and aged transgenic mice as well as between young (3 months) and aged (8-10 months) transgenic animals.
Supplementary Figure S10 . Impact of high spontaneous activity on the detection of responses to drifting gratings in aged APP23xPS45 mice. Black bar, percentage of significant responses to drifting gratings. Neuronal calcium responses evoked by drifting gratings were detected if their mean amplitude during the period of stimulation (2 s) was significantly above (t-test) the activity level during the preceding period (2 s). Using this analysis, hyperactive neurons in APP23xPS45 mice responded significantly to an average of 41.7 % of all drifting gratings. Thus, a hyperactive neuron was responding on average to 3.3 directions among the 8 directions of drifting gratings. Grey bar, same analysis applied to recordings of spontaneous activity in the same neurons, after randomly assigning periods of nominal stimulation. A direction was randomly assigned to 8 epochs (2 seconds each) of the spontaneous activity trials. Then, an average of 6 trials was calculated. Finally, a t-test was performed between each of these epochs and the 2 seconds preceding them (equivalent to the standing grating periods in the evoked trials). Using this analysis, significant responses were detected in only 3.7 % of all stimuli epochs. Thus, for a given hyperactive neuron only a relatively minor fraction (< 9%) of false positive responses was detected in these conditions. The fact that hyperactive neurons in APP23xPS45 respond to many directions and have a low orientation tuning is thus not due to a simple increase in high spontaneous activity.
Supplementary Methods
Behavioral test, visual pattern discrimination task. The discrimination task was based on the same procedure described in a previous study 62, 63 . In a circular water maze (diameter 80 cm, height 32 cm) filled with opaque water (23°C), animals had to locate a platform (10 x 10 cm) that was stable and kept invisible (about 5 mm submerged) in front of a specific visual cue (a grating with specific orientation) (see Supplementary Figure S3a ).
Visual stimuli were displayed on two identical computer monitors (1280 x 1024 pixels) that were placed along the maze on each side of a 25 cm long divider. Animals had to choose between two different visual cues. The platform was always placed below the correct visual cue computer screen (correct choice). Visual cues consisted of square-wave gratings (1 Hz, contrast 80%, 0.03 cpd as seen from the edge of the platform) and a mean luminance gray screen. Three groups of 8-month-old animals were tested independently (group 1: Wt n=6, APP23xPS45 n=5; group 2: Wt n=3, APP23xPS45 n=5; group 3: Wt n=3, APP23xPS45 n=3). In addition, one group of 3-month-old animals was tested (APP23xPS45 n=6, Wt n=6) with the same protocol.
The test consisted of four phases, the training phase and the three consecutive testing phases. For the first phase (training), the two visual cues were a gray screen (wrong stimulus) and a vertically oriented drifting grating (0°, correct stimulus). For the second phase, visual cues consisted of two drifting gratings of different orientations: a vertically oriented drifting grating (0°, correct stimulus) and a clockwise 45° oriented one (45°, wrong stimulus). For the third phase, the angle difference between both visual cues was reduced to 22.5° (0°, correct stimulus; 22.5°, wrong stimulus). Finally the fourth phase was identical to the second one (0°, wrong stimulus; 45°, correct stimulus). The understanding of the task was assessed during six initial training days (days 1-6). Then, phases 2 (6 days), 3 (6 days) and 4 (3 days) were added. Each day included 10 trials separated by 1-3 min inter-trial intervals. The position of the correct stimulus (left or right side of the divider) was changed pseudo-randomly. Mice were released into the maze from a box with a sliding door (see Supplementary Figure   S3a ). The percentage of correct choices was used to assess pattern discrimination performance. A correct choice was scored when the mouse touched the hidden platform. An incorrect choice was recorded when the mouse either reached the putative platform position on the wrong side (below the wrong stimulus) or failed to reach any platform position (correct or putative) within 30 s (error of omission). In case of an incorrect choice or an error of omission, animals were placed by the investigator onto the platform. All mice remained on this platform for about 5 s before being returned to their home cage. We verified that the mice were capable of completing the task by determining the proportion of trials in which the mice reached either the platform located in front of the correct cue ('correct' choice) or the position of the platform in front of the wrong cue ('wrong choice'). At the end of the training phase, both Wt and APP23xPS45 mice reached a task completion rate higher than 96% and a level of correct choices significantly above the chance level (Chi-square test, Wt, p<0.001, APP23xPS45, p<0.001).
During the testing phases 2 and 3 the percentage of correct choices did not significantly change after the third day of testing, for both Wt and transgenic mice groups (Mann-Whitney test; 45° Wt p=0.132;APP23xPS45 p=0.866; 22.5° Wt p=0.254, APP23xPS45 p=0.675). Thus, we show in Supplementary   Figure S3c -d, only the results of the first three days. All trials were video-taped with a digital camera (Sony, DCR-HC96E) mounted above the water maze for off-line analysis. Tracking of the swimming routes in the water maze was performed with a custom-written software (LabView, National Instruments). We quantified the path length, the time spent to find the platform as well as the swimming speed. All these parameters were constant throughout the entire visual tests for both genotypes.
Measure of optomotor responses. The virtual optomotor system consisted of a square array of computer monitors placed at the four sides of a mirror with a side-length of 40 cm. The animal was placed on a platform, unrestrained, in the center of the arena. A camera (Sony, DCR-HC96E) was mounted above the animal in order to video-tape all trials. Rotating stimuli (square-wave vertical gratings, 1 Hz, contrast 80%, 0.03 cpd) were applied on the monitors, where they formed a virtual cylinder around the mouse 64 . Each session consisted of 20 trials, one trial lasting 15 sec. During the trials vertical drifting gratings were presented. The direction of movements changed randomly. The breaks between the trials also varied randomly between 8 and 30 sec.
Mice responded to the stimuli by rotating their head following the direction of the moving gratings. Prior to testing the mice were adapted to the environment and arena by placing them on the platform for five minutes on three consecutive days. A session started by placing the animal on the platform while presenting resting gratings and left there for an adaptation period of five minutes. Only trials in which the mice showed no spontaneous movements were included in the evaluation. Sessions were repeated until at least 10 trials could be included into the evaluation. A positive trial was defined as a movement of the head into the same direction as the gratings. No head movements or head movements into the opposite direction were defined as negative trials. If, during the course of testing an animal slipped or jumped off the platform, it was simply returned to the platform and testing was resumed. Experimenters were blind to the genotype of the animals. The results are shown in Supplementary Figure S5 . Both Wt and transgenic animals had reliable optomotor responses during the presentation of gratings with the same spatial and temporal frequencies than that used for the visual discrimination test and the in vivo recordings. These results indicate that both Wt and transgenic animals were able to see drifting gratings with such spatial and temporal frequencies.
